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Abstract of JP 2001035509 (A) 

PROBLEM TO BE SOLVED: To provide a fuel cell capable of coping with high-temperature operation, 
in which a proton conductive film is composed of an electrolytic film, having high heat resistance and 
proton transfer substance having a high boiling point in place of water. SOLUTION: In an ionic 
conductive film, which is a film-like member including an organic polymer having carbon in a main 
skeleton and a three- dimensional crosslinking structure by a metal-oxide bond and has ionic transfer 
substance within the film, the ionic transfer substance has a dielectric constant of 20 or layer and a 
boiling point of 150 deg.C or higher. The kind of ions in the ionic conductive film are protons. The film 
contains therein a proton conductivity imparting agent; The ionic transfer substance is at least one 
selected from among the group consisting of propylene carbonate, ethylene carbonate and sulfolanes. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An organic polymer which has carbon in a main skeleton. 

A three-dimensional structure-of-cross-linkage object by a metal-oxygen bond. 

It is the ion-conductive film provided with the above, and specific inductive capacity is 20 or 

more, and said ion transmitter is characterized by the boiling point being not less than 150 

[Claim 2]The ion-conductive film according to claim 1 which ionic species of an ion- 
conductive film are protons, and is characterized by having a proton conductivity grant 
agent in a film. 

[Claim 3]Claim 1 or an ion-conductive film given in dyadic in which an ion transmitter is 

characterized by being at least one thing as which it is chosen from a group which it 

becomes from propylene carbonate, ethylene carbonate, and sulfolane. 

[Claim 4]The ion-conductive film according to claim 1 , 2, or 3, wherein a three-dimensional 

structure-of-cross-linkage object by a metal-oxygen bond is formed of a silicon-oxygen 

bond. 

[Claim 5]The ion-conductive film according to claim 2, 3, or 4, wherein a proton conductivity 
grant agent is inorganic solid acid. 

[Claim 6]The ion-conductive film according to claim 2, 3, 4, or 5 which a proton conductivity 
grant agent is inorganic solid acid, and is characterized by this inorganic solid acid having a 
metal-oxygen bond and a covalent bond. 

[Claim 7]The ion-conductive film according to claim 1, 2, 3, 4, 5, or 6 in which an organic 
polymer is characterized by having a hydrolytic silyl group in a main chain terminal part 
and/or a side chain. 

[Claim 8]The ion-conductive film according to claim 1,2,3, 4, 5, 6, or 7, wherein an organic 
polymer had a hydrolytic silyl group in a main chain terminal part and/or a side chain and 
has joined together by three-dimensional structure-of-cross-linkage object and a covalent 
bond via this hydrolytic silyl group. 
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[Claim 9]The ion-conductive film according to claim 1, 2, 3, 4, 5, 6, 7, or 8, wherein an 
organic polymer is polyether. 

[Claim 10]The ion-conductive film according to claim 1, 2, 3, 4, 5, 6, 7, 8, or 9, wherein an 
organic polymer is polytetramethylene oxide. 

[Claim 11]The ion-conductive film according to claim 2, 3, 4, 5, 6, 7, 8, 9, or 10, wherein a 
proton conductivity grant agent is tungstophosphoric acid. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to an ion-conductive film. 

the ion-conductive film used more for details by the polymer electrolyte fuel cell, a chemical 

sensor, an ion-exchange membrane, etc. - as main, it is related with a proton conductive 

film. 
[0002] 

[Description of the Prior Art]The conventional technology of this invention is described 
mainly about the proton conductive film for fuel cells. Generation efficiency of a fuel cell is 
high, it is excellent in environment nature, and is expected as a power plant of the next 
generation which can contribute to solution of the environmental problem and energy 
problems which are big technical problems now. 

[0003] Although a fuel cell is classified into some according to an electrolytic kind, even if it 
compares a polymer electrolyte fuel cell with which other methods, they are small size and 
high power also in this. 

It is considered as the next-generation main force as a small-scale type on site, the object 
for mobiles (mount), and a portable fuel cell. 

[0004]Although the polymer electrolyte fuel cell has not resulted in the practical use stage 
yet under the present circumstances, the electrolyte membrane of the fuel cell used by the 
trial production or the testing phase, Perfluoro alkylene is made into a main skeleton and 
the fluorine system film which has ion exchange groups, such as a sulfonic group and a 
carboxylic acid group, at the end of a perfluoro vinyl ether side chain in part is mainly used, 
as such a fluorine system film - a Nafion R film (Du Pont.) USP4,330,654, a Dow film (Dow 
Chemical, JP,4-366137,A), an Aciplex R film (Asahi Chemical Industry [ Co., Ltd. ] Co., Ltd., 
JP.6-342665.A), a Flemion R film (Asahi Glass [ Co., Ltd. ] Co., Ltd.), etc. are known. 
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[0005]The present polymer electrolyte fuel cell is operated from a room temperature in an 
about 80 ** comparatively low temperature range. Restriction of this operating temperature 
is based on the following factors. 

- The fluorine system film used has Tg at nearly 130 **, and the ion channel structure which 
has contributed to proton conduction rather than this in the high temperature region will be 
destroyed. Substantially, it can be used only below 100 **. - In order to use water as a 
proton conduction medium, when it exceeds 100 ** which is the boiling point of water, 
application of pressure is needed, and a device becomes large-scale. 

[0006]That an operating temperature is low produces the following demerits for a fuel cell. 

- Generation efficiency becomes low. 

- Poisoning by CO of a catalyst happens notably. 

[0007]Since generation efficiency will improve and also a waste heat management will 
become possible if an operating temperature will be not less than 100 **, energy is 
efficiently utilizable. If an operating temperature can be raised to 140 **, improvement in 
efficiency and not only a waste heat management but the width of catalyst material 
selection spreads, and a cheap fuel cell can be realized. 

[0008]ln order to raise an operating temperature, examination of former versatility is 
performed. Examination of the heat-resistant aromatic content polymer material in which a 
typical examination serves as instead of [ of fluorine membrane ], For example, although it 
is polybenzimidazole (JP,9-110982,A), polyether sulphone (JP.10-21943.A, JP.10- 
4591 3,A), a polyether ether ketone (JP,9-87510,A), etc., All are very upright high molecular 
compounds, and have the problem that possibilities, such as breakage, are high, in the 
case of electrode formation. In order that these aromatic system polymer material may give 
proton conductivity, it is embellished with acidic groups, such as a sulfonic group and a 
phosphate group, and serves as water solubility or water swelling nature. It is inapplicable 
to the system which water like a fuel cell generates in the case of water solubility, and also 
in the case of water swelling nature, an electrode may be damaged with the stress by 
swelling, or membrane failure may happen by the strength reduction of the film by swelling. 
Therefore, in spite of the present place and various examination, it has endurance at 
sufficient elevated temperature (not less than 100 **), and the proton conductive film with 
which it was satisfied of mechanical performance etc. does not exist yet. 
[0009]lt is one of the causes by which it makes the elevated-temperature operation difficult 
that existence of water is also indispensable as a substance which plays a role of proton 
transfer in the present proton conductive film on the other hand as mentioned also to the 
above-mentioned technical problem. Proton conduction performance is greatly influenced 
by the content of the water in the film, and the proton conductive film represented by 

Nafion R does not show proton conductivity, when water does not exist. For this reason, at 
the elevated temperature over 100 **, application of pressure is needed and the burden to a 
device becomes large. Since remarkable high voltage is needed in exceeding especially 
150 **, it is not desirable from the field of not only becoming a cost hike of a fuel cell but 
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safety. 

[0010]When operating at about 80 ** from a room temperature like the present, the point 
that water is indispensable is one of the big technical problems. In order to make water 
always exist, it is necessary to make fuel, such as hydrogen, into a humidified state and to 
send it in, for example. Although the moisture content management in the film by fuel 
humidification is studied energetically, the things itself which needs such strict and 
complicated moisture content management make the structure of a fuel cell complicate, or 
it becomes causes, such as failure. 
[0011] 

[Problem(s) to be Solved by the lnvention]This invention can solve the above technical 
problems, a heat-resistant high electrolyte membrane and the proton conductive film which 
compounded the high boiling point proton transmitter which replaces water can be 
obtained, and the fuel cell corresponding to high temperature operation can be realized. 

[0012] 

[Means for Solving the Problem]ln an ion-conductive film which this invention 1 is a filmy 
body which has an organic polymer which has carbon in a main skeleton, and a three- 
dimensional structure-of-cross-linkage object by a metal-oxygen bond, and has an ion 
transmitter in a film, Said ion transmitter is an ion-conductive film, wherein specific inductive 
capacity is 20 or more and the boiling point is not less than 150 **. Ionic species of an ion- 
conductive film are protons, and this invention 2 is an ion-conductive film of this invention 1 
having a proton conductivity grant agent in a film. 

[0013]ln this invention 1, ion refers to a proton so that alkali metal ion, such as lithium, and 
this invention 2 may describe. As mentioned above, in order to obtain a film in which ion 
(especially proton) conduction is possible at an elevated temperature, a stable film which 
does not cause a structural change, and an ion transmitter to which evaporation does not 
take place easily in an elevated temperature are required also of an elevated temperature. 
[0014]when it becomes an elevated temperature and an organic high polymer becomes soft 
using a solid (crystal - and/or, amorphous) state of an organic high polymer, ion channel 
structure is lost, and the conventional fluorine system proton conductive film loses proton 
conductivity. In order to prevent this, polymers and an inorganic bridging body of an 
aromatic system with high softening temperature are used. However, each of these 
aromatic system polymers and inorganic bridging bodies is dramatically upright, and it 
becomes easy to damage them at the time of handling and electrode production. 
[0015]ln this invention 1, a film which composite-ized an organic polymer which has carbon 
in a main skeleton for the purpose of making the moderate pliability of an organic polymer 
and the heat resistance of an inorganic three-dimensional structure-of-cross-linkage object 
have, and metallic-oxide three-dimensional structure-of-cross-linkage objects, such as 
silicon, titanium, and a zirconium, is produced. As for an organic polymer used by this 
invention 1 , decomposition does not take place at 140 ** and main chain structure is not 
decomposed by acid. 
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[0016]With an organic polymer, here, for example Polyethylene oxide, polypropylene oxide, 
Polyether, such as polytetramethylene oxide and polyhexamethylene oxide; Tetraethylene 
glycol, Straight-chain-shape diol, such as hexaethylene glycol, octaethylene glycol, and 
decaethylene glycol; Poly(meta) acrylic acid, Poly(meta) acrylic acid n-propyl, poly(meta) 
acrylic acid isopropyl, Poly(meta) acrylic acid n-butyl, poly (meta) isobutyl acrylate, Poly 
(meta) acrylic acid sec-butyl, poly(meta) acrylic acid tert-butyl, Poly(meta) acrylic acid n- 
hexyl, poly(meta) acrylic acid cyclohexyl, Poly(meta) acrylic acid n-octyl, poly(meta) acrylic 
acid isooctyl, Poly (meta) 2-ethylhexyl acrylate, poly (meta) decyl acrylate, Poly(meta) 
acrylic acid lauryl, poly(meta) acrylic acid isononyl, Poly(meta) acrylic acid, such as poly 
(meta) acrylic acid isoboronyl, poly(meta) acrylic acid benzyl, and poly(meta) acrylic acid 
stearyl; Polyacrylamide, poly N-alkyl acrylamide, Acrylamide, such as poly 2-acrylamido-2- 
methyl propane sulfonic acid; Polyvinyl acetate, Poly formic acid vinyl, polyp Ropion acid 
vinyl, polybutanoic acid vinyl, poly n-caproic acid vinyl, Poly isocaproic acid vinyl, 
polyoctanoic acid vinyl, polylauric acid vinyl, Polypulmitic acid vinyl, polystearic acid vinyl, 
polytrimethyl vinyl acetate, Polychlorovinyl acetate, polytrichloroacetic acid vinyl, 
polytrifluorovinyl acetate, Acetal resin, such as vinyl ester; polyvinyl alcohol; polyvinyl 
butyrals, such as polybenzoic acid vinyl and polypivalic-acid vinyl; Polyethylene, 
Polyoleflnes, such as polypropylene and polyisobutylene; although fluoro-resin [, such as 
polytetrafluoroethylene and polyvinylidene fluoride, ]; etc. are mentioned, this invention is 
not limited to this. These copolymers may be used, and these organicity polymer can also 
mix and use one or more kinds. 

[0017]These organicity polymer may take into consideration compatibility with an ion 
conduction substance or an inorganic three-dimensional structure-of-cross-linkage object, 
and may introduce a polar group into a side chain. It is desirable to introduce polar groups, 
such as a carboxylic acid group, a hydroxyl group, a sulfonic group, and a phosphate 
group, with techniques, such as copolymerization, in polyolefines and a fluoro-resin 
especially. 

[001 8]A molecular weight of an organic polymer in this invention 1 is 500,000 or less [ 50 or 
more ] in weight average molecular weight. Here, if weight average molecular weight 
becomes less than 50, a softening function of an organic polymer cannot fully demonstrate, 
but on the other hand, if 500,000 is exceeded, an effect of improvement in heat-resistant by 
composite with an inorganic three-dimensional structure-of-cross-linkage object will 
become low. 

[0019]Thus, a film having sufficient heat resistance and moderate pliability in which 
handling and electrode production are possible can be attained by compounding an organic 
polymer which is a soft component, and an inorganic three-dimensional structure-of-cross- 
linkage object which is heat-resistant ingredients. Sufficient heat resistance means that it is 
not less than 100 **, and refers to not less than 140 ** preferably here. 
[0020]ln an ion-conductive film of this invention 1, it has an ion transmitter in a film. Here, 
proton conduction is mainly described. In an old proton conductive film, although water is 
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used in most cases as a proton transmitter, above 100 **, evaporation of water takes place 
and sufficient proton conduction performance cannot be demonstrated. Even if it is less 
than 100 **, water vapor pressure of water needs moderate humidification in a sufficiently 
high temperature, and this has become a factor which complicates the fuel cell device itself. 

[0021]ln this invention 1, specific inductive capacity is 20 or more as an ion transmitter, and 
the boiling point uses a not less than 150 ** thing. Here, if specific inductive capacity is 
high, Coulomb force of ion feed materials (an ionic compound, a proton conductivity grant 
agent especially described by this invention 2 when it was a proton), and ion will become 
weak, and ionic dissociation of it will become possible. Ion comes to have moderate 
compatibility to an ion transmitter, and ion transfer performance improves. 
[0022]As a value of concrete desirable specific inductive capacity, it is 40 or more still more 
preferably 30 or more more preferably 20 or more in specific inductive capacity. If specific 
inductive capacity is 20 or more ion transmitters, ionic dissociation will happen, but if 
specific inductive capacity uses less than 20 ion transmitter, ionic dissociation does not 
happen and sufficient ion conductivity cannot be secured. 

[0023]Since it is the purpose to use an ion-conductive film of this invention above 100 **, 
the boiling point of an ion transmitter uses a thing of not less than 200 ** of boiling points 
preferably using a not less than 150 ** thing. Specifically Ethylene carbonate, propylene 
carbonate, butylene carbonate, gamma-butyrolactone, gamma-valerolactone, sulfolane, 3- 
methyl sulfolane, dimethylsulfoxide, dimethylformamide, N-methyl oxazolidinone, N,N- 
dimethylimidazolidinone, 3-methyl sulfolane, 2,4-dimethylsulfolane, glycerin, etc. are 
mentioned. These ion transmitters may be used independently, and plurality may be mixed 
and they may be used. Since stability etc. are increased, as long as the boiling point is high 
enough, other solvents may be used together and a small amount of water may be used 
together by a case for improvement in proton conductivity. 

[0024]As raised to this invention 2, when ionic species are protons, in an ion-conductive 
film, it has a proton conductivity grant agent in a film. What is called an acid compound that 
emits a proton is used for a proton conductivity grant agent. As a kind of acid, phosphoric 
acid, sulfuric acid, sulfonic acid, carboxylic acid, boric acid, inorganic solid acid, its 
derivative, etc. can be used, and these may be used together. 

[0025]An example for obtaining a film of this invention is given. A metal alkoxide is mixed 
with an organic polymer as a precursor which forms the three-dimensional structure of 
cross linkage of a metal-oxygen bond. Under the present circumstances, a suitable solvent 
may be used. Although it is common to use ether, such as alcohols, such as methanol, 
ethanol, isopropanol, n-butanol, and t-butanol, a tetrahydrofuran, and dioxane, as a solvent, 
It is good if usable to mixing of an organic polymer and a metal alkoxide instead of what is 
limited to these. 

[0026]A proton conductivity grant agent is added to this solution an ion transmitter and if 
needed, and it is considered as a precursive solution. After making this solution into the 

http://www4.ipdl.inpit.go .jp/cgi-bin/tran_web_cgi_ejj e?atw_u=http%3 A%2F%2Fwww. . . 3/1 7/2009 



JP,2001-035509,A [DETAILED DESCRIPTION] 



Page 6 of 14 



shape of a film by publicly known methods, such as the cast and a coat, the target film can 
be obtained by passing through what is called a sol-gel process warmed at arbitrary 
temperature from a room temperature to about 300 **. 

[0027]ln the case of desiccation, publicly known methods, such as natural seasoning, 
stoving, and application-of-pressure heating by autoclave, may be used. Cooking 
temperature will not be limited, especially if it is the temperature which can form the three- 
dimensional structure of cross linkage and is a range which an organic polymer etc. do not 
decompose. Although thickness in particular is not specified, it is usually taken as a 
thickness of 10micro - 1 mm. 

[0028]Although a ratio in particular of an organic polymer and an inorganic three- 
dimensional structure-of-cross-linkage object is not specified, it is preferred that it is by a 
ratio to 3:97-97:3 with a wt. ratio. If an organic polymer is less than 3 % of the weight, the 
membranous softening effect cannot be expected and an inorganic three-dimensional 
structure-of-cross-linkage object cannot expect an effect of improvement in heat-resistant in 
less than 3 % of the weight. As for an ion transmitter, it is preferred that it is five or more to 
the film weight 100. Less than [ this ], the good ion conductivity can expect neither. When 
adding a proton conductivity grant agent and considering it as a proton conductive film, it is 
preferred that it is five or more to the film weight 100. Less than [ this ], good proton 
conductivity cannot be expected. If it is a range which an addition maximum in particular of 
an ion conduction substance and a proton conductivity grant agent does not have, and 
does not spoil membranous physical properties, it is desirable to carry out abundant 
addition as much as possible. 

[0029]As a metal alkoxide, here, for example A tetraethoxysilane, A tetramethoxy silane, 
tetra-isopropoxysilane, tetra-n-butoxysilane, tetra-t-butoxysilane, Or alkoxy silicate, such as 
monoalkyl one of these and dialkyl, Tetraethoxytitanium, tetra-isopropoxy titanium, tetra-n- 
butoxytitanium, tetra-t-butoxytitanium, Or alkoxy titanate containing crosslinking reaction 
speed-control group substitution products, such as monoalkyl one of these, a dialkyl object, 
and an acetylacetone, its oligomer, alkoxy zirconate, etc. are mentioned. 
[0030]ln order to accelerate generation of a three-dimensional structure-of-cross-linkage 
object, water may be made to exist in the system of reaction, and acid, such as chloride 
and phosphoric acid, may be added as a catalyst. Since it is accelerated also by a base, 
generation of the three-dimensional structure of cross linkage may use a base catalyst, for 
example, ammonia etc. When it has a metal alkoxide which has a hydrolytic silyl group etc. 
in an end and/or a side chain of an organic polymer so that it may raise with this invention 
7, a metal alkoxide may be added separately as mentioned above, and even if it does not 
newly add a metal alkoxide, the three-dimensional structure of cross linkage can be 
attained. 

[0031]After forming a film which a manufacturing method quoted here is an example, for 
example, consists of an organic polymer and a three-dimensional structure-of-cross-linkage 
object of a metal-oxygen bond beforehand, a proton conductivity grant agent, How to dip a 
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film in a fluid containing an ion transmitter, and dope a proton conductivity grant agent and 
an ion transmitter, Form a porous inorganic three-dimensional structure-of-cross-linkage 
object, dip in a monomer which is a precursor of an organic polymer solution or an organic 
polymer, and Composite, How to dope a proton conductivity grant agent and an ion 
transmitter after passing through a polymerization process, when a monomer is added, A 
film of an organic polymer can be prepared beforehand, after contacting and swelling a 
metal alkoxide solution to this, a sol-gel process can be performed, and also a method of 
doping a proton conductivity grant agent and an ion transmitter after that, etc. can be 
performed. 

[0032]ln a method especially quoted at the end of forming an organic polymer film 
beforehand, an organic polymer may have the false structure of cross linkage by the 
structure of cross linkage or a hydrogen bond by a covalent bond, crystallization, etc. After 
making an organic polymer construct a bridge into a sol-gel process and considering it as a 
film, an organic polymer may be made to construct a bridge by an electron beam or 
ultraviolet rays. 

[0033]An ion-conductive film in an elevated temperature made into the purpose is realizable 
by using collectively an ion transmitter which exists stably by this invention 1 also at 
coexistence of membranous heat resistance and physical properties, and also an elevated 
temperature. 

[0034]A proton conductive film in an elevated temperature made into the purpose is 
realizable by using collectively a proton transmitter which exists stably, and a proton 
conductivity grant agent by this invention 2 also at coexistence of membranous heat 
resistance and physical properties, and also an elevated temperature. 
[0035]This invention 3 is this invention 1 or an ion-conductive film of 2 in which an ion 
transmitter is characterized by being at least one thing as which it is chosen from a group 
which it becomes from propylene carbonate, ethylene carbonate, and sulfolane. 
[0036]As an ion transmitter used by an ion-conductive film of this invention, as this 
invention 1 described, specific inductive capacity is 20 or more, and the boiling point uses a 
not less than 150 ** thing, but especially a thing it chooses from propylene carbonate, 
ethylene carbonate, and sulfolane, and is used as mentioned by this invention 3 is 
preferred. Sulfolane points out here sulfolane and 3-methyl sulfolane which is the 
substitution product, 2,4-dimethylsulfolane, etc. Specific inductive capacity is 65, 90, and 
43, respectively, and these take a sufficiently big value, although proton transfer 
performance is demonstrated, On the other hand, the boiling points are 242 **, 238 **, and 
287 **, respectively, for example, when it thinks as a proton conductive film, and operating 
a fuel cell at 100 **, it exists stably [ enough ] as a fluid. That is, also in a not less than 100 
** elevated temperature, ion can be stably transmitted by using these ion conduction 
substances. These ion transmitters may be used independently, and plurality may be mixed 
and they may be used. Since stability etc. are increased, as long as the boiling point is high 
enough, other solvents may be used together, and in order to raise proton conductivity 
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further, a small amount of water may be used together by a case. 

[0037]This invention 4 is this inventions 1 and 2 or an ion-conductive film of 3, wherein a 
three-dimensional structure-of-cross-linkage object by a metal-oxygen bond is formed of a 
silicon-oxygen bond. 

[0038]As this invention 1 described, bipolar membrane of an organic polymer and metallic- 
oxide three-dimensional structure-of-cross-linkage objects, such as silicon, titanium, and a 
zirconium, can attain an ion-conductive film which can operate also at an elevated 
temperature, but. An inorganic three-dimensional structure-of-cross-linkage object used 
here has preferred what is called silsesquioxane or structure called silica of having a 
silicon-oxygen bond, as mentioned by this invention 4. In order to form such a film, alkoxy 
silicate quoted by this invention 1 can be used. Alkoxy silicate has acid resistance and good 
heat resistance, they are cheaper than alkoxy titanate and alkoxy zirconate, it is easy also 
for reactant control, and, also economically, becomes very advantageous also from a field 
of a manufacturing process. 

[0039]This invention 5 is this inventions 2 and 3 or an ion-conductive film of 4, wherein a 
proton conductivity grant agent is inorganic solid acid. 

[0040]As this invention 2 described, in using an ion-conductive film of this invention as a 
proton conductive film, it has a proton conductivity grant agent in a film. Although 
phosphoric acid, sulfuric acid, sulfonic acid, inorganic solid acid, its derivative, etc. can be 
used for a proton conductivity grant agent, A point that organic phosphorus acid monoester, 
organic-sulfonic-acid monoester, organic sulfonic acid, and inorganic solid acid can use 
preferably, and bleed out from a proton conductive film cannot break out easily in this to 
especially inorganic solid acid is preferred. 

[0041]With organic phosphorus acid monoester here Mono- octyl phosphate, It is 
monododecyl phosphate, monooleyl phosphate, etc., organic-sulfonic-acid monoester is 
dodecylsulfuric acid, octylsulfuric acid, etc., and organic sulfonic acid is lauryl sulfonic acid, 
stearylsulfonic acid, etc. Even if these organic acid has an organic polymer and an 
interaction which a proton conductive film of this invention has and environmental stress, 
such as heating, happens, it can prevent these proton conductivity grant agent carrying out 
bleed out from a film. 

[0042]lnorganic solid acid can refer to inorganic oxo acid, and what has Keggin structure of 
tungstophosphoric acid, molybdophosphoric acid, etc. and the Dawson structure also in it 
can use preferably. In this invention, more than plurality may use together these organic 
acid and inorganic solid acid. 

[0043]A proton conductivity grant agent is inorganic solid acid, and this invention 6 is this 
inventions 2, 3, and 4 or an ion-conductive film of 5, wherein this inorganic solid acid has a 
metal-oxygen bond and a covalent bond. 

[0044]As this invention 5 described, can use inorganic solid acid as a proton conductivity 
grant agent, but. What a metal-oxygen bond which is inorganic oxo acid and is included in 
these also in this has combined by inorganic three-dimensional structure-of-cross-linkage 
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object which an ion-conductive film of this invention has, and a covalent bond can use 
preferably. Since bleed out from a film of a proton conductivity grant agent, decomposition, 
etc. can be prevented even if environmental stress, such as heating, happens if it has such 
combination, proton conductivity stable even if it was an elevated temperature can be 
attained. For example, when tungstophosphoric acid and the inorganic three-dimensional 
structure of cross linkage are what is depended on a silicon-oxygen bond as inorganic solid 
acid as a concrete example, that in which a covalent bond of silicon-oxygen-tungsten is 

•29 

formed is pointed out. It can be checked with an infrared absorption spectrum, an Si - 
NMR spectrum, etc. whether this combination has arisen. 

[0045]This invention 7 is this inventions 1 , 2, 3, 4, and 5 or an ion-conductive film of 6 in 
which an organic polymer is characterized by having a hydrolytic silyl group in a main chain 
terminal part and/or a side chain. 

[0046]Although an ion-conductive film of this invention includes an organic polymer and an 
inorganic three-dimensional structure-of-cross-linkage object, it is preferred to use for an 
end piece and/or a side chain of an organic polymer an organic polymer which has a 
hydrolytic silyl group. 

[0047]Here, a hydrolytic silyl group reacts to water, carries out silanol (Si-OH) generation, 
and points out what alkoxy groups, such as one or more methoxy groups, an ethoxy basis, 
n-propoxy group, an isopropoxy group, and n-butoxy group, chlorine, etc. combined with 
silicon. 

[0048]As an example of what has a hydrolytic silyl group in an end piece and/or a side 
chain of an organic polymer, what a hydrolytic silyl group combined with an end piece of a 
polypropylene glycol (the Kaneka Corp. make.) what (the Kaneka Corp. make.) a hydrolytic 
silyl group combined with an end piece and/or a side chain of a trade name "SAIRIRU" and 
polyisobutylene What (the Kaneka Corp. make, trade name "ZEMURAKKU") a hydrolytic 
silyl group combined with an end piece and/or a side chain of a trade name "EPION" and 
polyacrylate is marketed. If it is a polymer which has a hydroxyl group and an amino group, 
for example in an end or a side chain even if it is other polymer, By reacting, commercial 3- 
triethoxy silyl propylisocyanate (Shin-etsu silicone company make, trade name "KBE9007"), 
If it is a polymer which has a halogen group in an end piece and/or a side chain, an organic 
polymer which has a hydrolytic silyl group in an end piece and/or a side chain can be easily 
manufactured by reacting amine content hydrolytic silyl compounds, such as 3-aminopropyl 
triethoxysilane. An organic polymer which has a hydrolytic silyl group in an end piece 
and/or a side chain can be easily manufactured also by carrying out copolymerization of the 
hydrolytic silyl compound which has functional groups, such as an unsaturated bond which 
can polymerize, to an organic polymer monomer. 

[0049]ln using for such an end piece and/or a side chain an organic polymer which has a 
hydrolytic silyl group, even if it does not add a precursor which generates another inorganic 
three-dimensional structure of cross linkage, a hydrolysis silyl group of an end piece forms 
an inorganic three-dimensional structure-of-cross-linkage object, but. A precursor which 
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generates another inorganic three-dimensional structure of cross linkage may be added. 
[0050]This invention 8 is this inventions 1 , 2, 3, 4, 5, and 6 or an ion-conductive film of 7, 
wherein an organic polymer had a hydrolytic silyl group in a main chain terminal part and/or 
a side chain and has joined together by three-dimensional structure-of-cross-linkage object 
and a covalent bond via this hydrolytic silyl group. 

[0051]When a polymer which has a hydrolytic silyl group is used for an end piece and/or a 
side chain which were described by this invention 7, Or a functional group in which an 
organic polymer and a reaction are possible to a hydrolytic silyl compound, For example, 
when a compound which has an isocyanate group, a vinyl group, an epoxy group, etc. is 
used as an inorganic bridge construction precursor, an organic polymer and an inorganic 
three-dimensional structure-of-cross-linkage object serve as a form united by a covalent 
bond, and serve as what is called an organic-inorganic hybrid film that an organic 
compound and an inorganic compound composite-ized with a molecular level. When it 
becomes such a film, a heat stabilization effect by an inorganic compound is very desirable 
as an ion-conductive film which increases more and is used at an elevated temperature. 
[0052]This invention 9 is this inventions 1,2,3, 4, 5, 6, and 7 or an ion-conductive film of 8, 
wherein an organic polymer is polyether. 

[0053]As this invention 1 described, polyether, poly(meta) acrylic acid, acrylamide, vinyl 
ester, polyvinyl alcohol, acetal resin, polyolefines, a fluoro-resin, etc. can be used for an 
organic polymer, but. Also in this, when compatibility with an ion transmitter or an inorganic 
three-dimensional structure-of-cross-linkage object is taken into consideration, it is more 
preferred to use polyether. 

[0054]This invention 10 is this inventions 1, 2, 3, 4, 5, 6, 7, and 8 or an ion-conductive film 
of 9, wherein an organic polymer is polytetramethylene oxide. 

[0055]As this invention 9 described, it is preferred to use polyether as an organic polymer in 
this invention, but when heat resistance is taken into consideration, it is still more preferred 
to use polytetramethylene oxide. Although a molecular weight in particular of 
polytetramethylene oxide is not restricted, 200 or more and 2000 or less thing is preferably 
used for weight average molecular weight. 

[0056]When introducing a hydrolytic silyl group into an end of polytetramethylene oxide, as 
explanation of this invention 6 described, the target compound can be obtained by making 
polytetramethylene oxide react to a hydrolytic silyl compound which has an isocyanate 
group at a moderate temperature. 

[0057]This invention 11 is this inventions 2, 3, 4, 5, 6, 7, 8, and 9 or an ion-conductive film 
of 10, wherein a proton conductivity grant agent is tungstophosphoric acid. 
[0058]Although this invention 5 explained a proton conductivity grant agent in detail, 
especially its thing for which tungstophosphoric acid is used also in this is preferred. As this 
explained [ this invention 6 ] stability to heat, when joint generation with an inorganic three- 
dimensional structure-of-cross-linkage object is taken into consideration, it is because 
tungstophosphoric acid is good. 
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[0059] 

[Example]Although an example is hung up over below and this invention is explained to it in 
more detail, this invention is not limited only to these examples. As long as there was no 
notice, a compound, a solvent, etc. to be used used the commercial item as it was. 
[0060][Appraisal method] 

(1) The heat-resistant evaluation proton conductive film was heated in 140 ** oven under a 
nitrogen atmosphere for 3 hours. The evaluation after heating carried out viewing and 
bending organoleptics. 

O - Even if it bends, it divides and twists, and it is a flexible film. 

x -- It does not become a weak film out of which it bends and comes and which is fractured 
easily, or a film. [0061 ](2) By applying silver paste to both sides of the ion-conductive solid- 
electrolyte membrane (thing after the above-mentioned heat test) of proton conductivity 
evaluation this invention, and drying them, it was considered as the electrode and the 
electrode and the electrolyte membrane complex (MEA: Membrane Electrode Assembly) 
were created. 4 terminal impedance measurement was carried out in the field with a 
frequency of 0.1 Hz - 2 MHz using the electrochemistry impedance measurement device 
(the product made by SORATORON, 1260 type), and the proton conductivity of the ion- 
conductive film was evaluated. If put on measurement, without having been supported in 
the well-closed container insulated electrically, and humidifying, the electrode and the 
electrolyte complex sample changed cell temperature from a room temperature to 140 ** by 
the temperature controller in a nitrogen atmosphere or dry air, and measured proton 
conductivity at each temperature. The measured value in 100C and 140 ** was shown as a 
central value. 

[0062](3) Structure evaluation (check of W-O-SI combination) 

The ion-conductive solid-electrolyte membrane of this invention was measured by the 
infrared-absorption (IR) method, and the chemical integrated state was evaluated. When 12 
tungstophosphoric acid (^PW^O^) was used as inorganic solid acid, as for the mode of 

vibration of framework combination which forms the solid acid cluster skeleton (W-O-W), 
reduction in half breadth and the shift of frequency were observed. This shows that a part of 
cluster skeleton is changing to the W-O-Si chemical bond. When creating bipolar 
membrane with a sol-gel method, it is thought that the end silanol group carried out the 
chemical reaction to the solid acid surface, and formed the framework and the covalent 
bond. 

[0063][Example 1] 

(Composition of end triethoxy silyl polytetramethylene oxide) Polytetramethylene oxide 
#650 (weight average molecular weight 650: made by Wako Pure Chem) 75.0g 
(115.4mmol) is put into the dry glassware, Then, 57.1g (230.8mmol) of 3-triethoxy silyl 
propylisocyanates (Shin-etsu silicone company make, trade name "KBE-9007]) were put in, 
it stirred slowly at 60 ** under a nitrogen atmosphere for 120 hours, and the reaction as 
shown in a following formula was performed. When the obtained ****** fluid was measured 
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by H 1 -NMR (DRX-300, made in Bruker), the spectrum which considers end triethoxy silyl 
polytetramethylene oxide and does not have inconsistency was acquired. Within NMR 
detection sensitivity, an impurity signal was not observed but the pure article was obtained 

mostly. 
[0064] 
[Formula 1] 

HO-f CHzdhCHzCIhO-H-H -+- 2 OCNCHzCHzCIhS i (0CzH5) 3 

> (0C 2 Hs) 3 SiCH 2 CH 2 CH 2 NHCOO-eCH 2 CH2CH 2 CH 2 0->n-CONHCR2CH2CH 2 Si (0C 2 Hs) 3 

[0065](Production and film production of a mixture) 1 .5 g of end triethoxy silyl 
polytetramethylene oxide was dissolved in 1.0 g of isopropanol. Apart from this solution, the 
solution which dissolved 0.75 g of tungstophosphoric acid (made by Wako Pure Chem) and 
0.75 g of propylene carbonate (made by Wako Pure Chem) in 1.0 g of isopropanol was 
prepared. It slushed into a polystyrene petri dish (made by Yamamoto Seisakusho, Inc.) 9 
cm in inside diameter, after mixing both and stirring violently for 1 minute. When this petri 
dish was heated for 12 hours in the exhaust air type gear oven warmed at 60 **, the water- 
white and flexible film was obtained. 

[0066][Example 2] In Example 1, the film was formed like Example 1 except having used 
ethylene carbonate (made by Wako Pure Chem) instead of propylene carbonate. 
[0067][Example 3] In Example 1, the film was formed like Example 1 except having used 
sulfolane (made by Wako Pure Chem) instead of propylene carbonate. 
[0068][Example 4] In Example 1 , instead of the isopropanol solution of 1 .5 g of end 
triethoxy silyl polytetramethylene oxide, The film was formed like Example 1 except having 
used 1 .41 g of end triethoxy silyl polytetramethylene oxide, and the isopropanol solution of 
0.2 g of phenyltriethoxysilane (made by a Shin-etsu silicone company). 
[0069][Comparative example 1] The product made by Du Pont and the trade names 
"Nation 1 17" were used as it was. 

[0070][Comparative example 2] In Example 1, the film was formed like Example 1 not using 
tungstophosphoric acid and propylene carbonate except having added 0.5 ml of 1 N 
chloride as a curing catalyst instead. 
[0071] 
[Table 1] 
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[0072] 
[Table 2] 
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[0073] 

[Effect of the lnvention]ln this invention, the film which composite-ized the organic polymer 
and the inorganic three-dimensional structure-of-cross-linkage object is formed. 
Therefore, sufficient heat resistance can be realized and humidification can obtain an 
unnecessary proton conductive film a specific ion transmitter and by using a proton 
conductivity grant agent preferably. 

The operating temperature of the polymers solid oxide fuel cell which attracts attention in 
recent years can be raised to not less than 100 ** by this, and, as a result, reduction of 
improvement in generation efficiency and CO poisoning of a catalyst can be attained. The 
deployment to the cogeneration system by a waste heat management is also considered, 
and the improvement in operating temperature is connected to improvement in dramatic 
energy efficiency. Since the humidification to an electrolyte membrane becomes 
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unnecessary, it not only leads to the small weight saving of a device, and a cost cut, but the 
humidifying system of a fuel cell device becomes unnecessary, and the deployment to a 
direct methanol fuel cell is attained. 



[Translation done.] 
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ep*>, ci^^cD^^-va^a^ffl^-sc^rccky. 1 

O 0°Clil±(D^;^lCfcL>Tt^S(3-r^>^^'e^ 

tf>«^, m&t<&&izmiixitm<Dmia&ftmLx*>±i* 

[OO 3 7] *fgB^4fi % ^H-K^*p^ICJ;^3;^5tc 

^^m-Mm&Giz&vMtic.ztix^Z} 

T?fe<Bo 

[0 0 3 8] *SSSJ3 1 X&s<tz&5l~. G&W&Wk'r 

<{ =?$ts. yju3-^A*co^KKfc*i3*7u§ga 

»3&<-C#*. 7J^^yy'jy-hlt iBKtt. iBj»tt 
3&<fi»-Cfcy . 7;u=3^->^^^— h^7;^^yy> 

p*— h*y tiSit'fey, ^tto)*jffiit^T*fc 

y. «»Ml^t»jS^P-bxa>^t>t*«l^fiJi:3B: 

[0 0 3 9] *^B^5fi. 7 , Dh>fi»lttfm M 
[0 0 4 0] 2 Tr^tc J: 3 1^ *^H^(7)^^> 



(6) 
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[oo4i] ::t\ ^uvi^/x^f^tii, t 
S3L*T)\,tit Kfv;ues, tf-^^utt&tf-efcy , 

[0 0 4 2] Ma^{*i££li. JMkMrVKSft 

[0 0 4 3] *»!H6li. :7a h>e»tett##JA<* «t 
tttt#ffltt«A*£<D:7y— h^#»f? 

[oo4 5] *«uh7ia. *am^i*A^ nm&m&x. 

tt4**W1, 2 % 3. 4. S5U±G<D"(J->tem& 

[0 0 4 6] *^(7M;J->fc#ttKli, 

[oo4 7] ccitr. aa*»«ttvu;u»tfi. 7K<h:J& 

IS Ltv?^ — )\s (S i -OH) ±m-t&t>(DT-&'z> 
Tx «*Ji* 'rfSilci J5JL±<D> h*i/S, ih^> 

"To 

[oo4 8] *«m$fta>*ttfflatf/xf*fflM([rcfti* 



*#*tt^y;i4ltf**Lfc*<D (ilib^iittS, 

fSn a n£ r E P I O N J ) % tK'JT^ 'J KDSfcffiffla. 

tf/xttwai^iHi*»»tt^ujuaA<e^L/=ta) cat 

10 iti|ga)3- MJx "J ;u3fn t°JU>T Vv7^- h 

(Mi/'J3- >*±3L iSS« TKBE9007J ) £ 
4 5S««&tf/Xtt<H«lc^\ 

^i^t^^tia y. 5Esaai;/xi±«jfflfcjnj 
^*s*^&c:tizcfcoTt,*ssfi»&tf/x(±flijai=ap 

20 7K^g?tti> 'J ;u******M*i**»«l::»ifrr 4 
[0 0 4 9] c^i:5/j:*5gaJS^/XlifiiJffi(-An*^ 

< t t . 5Kffiaa>ip*»»*> y j\,&tmm 3 XTcaMMt 

-T ^ ^ ' J * — 9— £ *D X X £ cfc t * o 
[0 0 5 0] *96IH8li. ***^i*3&<. ££t5fc*fi£ff& 

30 tt^> u lt 3 #7cs««jfii* t **nB«- fz y 

»^ Lt U4 C 1 4**W 1 . 2. 3. 4. 

[ o o 5 1 ] 7 -effect 5 a*aB«atf/xf* 

fc-6LM4. tt*»»tt*>y;Mb'&«llc*aa-&tt:i: 

40 ^^^M^mibL^, i^4>«#a«ia/w 

[0 0 5 2] *^0J9fi. ^aS^(*A<, tK'Jx— 
T'*5Ci*»«i:t-6*«fl1» 2. 3. 4. 5. 
6. 7X(*8 0>-r^->e^14MT*fe4o 

[0 0 5 3] ^Sl^l*l±, ^^BJ 1 X^tz^5lZ % 

#'Jx-f^g, ?»y 7^U^8S, 7^'JJl/ 

50 T-tz^-VUStfii. 7K'J^U^-<>g N ^^IR»IB«*ffl 
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^n^m^c^ctytf^Li^ 

2. 3. 4. 5. 6. 7. 8XI*9 0)-r^->^ttK-e 
[0O5 5] *%BR9X-&'<tz& : ?lZ^ ^BflfZfcl^T 

3?)<2 0 0iaJt. 2 O O OlUTtf^CDtfJff^ l < mi^h>4\ 
[0 0 5 6] ^»J^ h7^f U>t+V KCDSRSiSfZjBl* 

£<> 20 
[ O O 5 7 ] **BJ3 1 1 ^fp h >e*tti*^#JA<. 

3. 4. 5. 6. 7. 8. 9X1*1 O tf>-< 3" ><E»1±]g 

[0 0 5 8] h>e»tttt-5-*Jii* #*i?B5-egMffl 

f=BWHLfc36^ CO)*-*?*,* h 'J 

£o 30 
[0 0 5 9] 

[0 0 6 0] [Bflfi&] 

(1) HSHifFfiffi 

CftlfeKKSSIftLfco 40 
x •■• ttyffllfrMI=«W***5l*B. XfiM^r 



[006 1 ] (2) ^ah>6*ttBi 

ytgt u as - nfgnm&'£& (me a : Memb 

rane Electrode Assembly) £ 
>*tfik 1 2601) fffll^SaO. 1Hz-2M 



S££b***i 4 o°c^T?^b^-t±. ^*t€*L<z>^s-e 

[O O 6 2] (3) Jti^Pfffi (W-O-S I $£<£<DSI 

B) 

*^0^^t^ii4i»iilIJi^M (I R) 
Stl=J:y3B£Lfe*«a:«*ttBt»«Lfc. S8S«Si* 

K£ lt 1 25 h y >^ (H3 PW12 040 ) im 

l^tzmS. @»i^7X^-M^MLt^^ (W- 
O-W) 7U-A9- £$S£-<DgSj^E— Kli*««<D« 

^tt^fc^o yju-^5Si3«fcya-&B*ftac-r 
[ o o 6 3 ] m&m 1 ] 

> K#6 5 0 (Ii¥^ : ft6 5 O : jfPftttSlttSi) 
7 5. O g (115. 4mmo I ) £A*U ^L>T 3 — 
MJx h^vv'J^PtfMVvJ^-h (lai/'J 
=1 — >*±g* J§°n£ TKBE-9007] ) £57. 1 
g (2 3 0. 8mmo I) A*U lt#i^T6 0 0 CjC 

t1 2 0Wo< iJBttU TIESfz^-rj:d&Sl£ 

£*Tofc 0 »f>*lfcttBft?K<t*H' — NMR (DRX 
-3 0 0. ?JU*— ttB) t«U:^5, *Sh'J 

[O O 6 4] 



HO-f CHzCHzCHzCHzO^irH + 2 OCNCHzCHzCHzSi (OCzHS) > 

> (OC2H5) aSiCBzOhCHjNHCOO -6- CH2CH2CH2CH2O -hr CONHCH2CH2CH2S1 (OC2H5) 3 

[OO 6 5] (ffi^ttG>ft»£fiB) SShUih+y U> (SJjfcJWaittS) O. 7 5gHV^P/^-^ 

*>'J ;u#y -r h7^fU>**y K 1 . 5g*-fV?n 1. O glzj§SLfcj§iS^IiSSLt-o f^#^?*g^L. 1 

^XMJ>g (WftttaiaS) O. 7 5g. Ki^Pt 9 50 — U (UU*igf^RlTttS!) l33SLaA/tr 0 C(Dvt-l/S 
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6 0 0 Ci=^D;^Lf'^a^^7^-— ^>(3T 1 2d$mimf& 

[o o e 7] mmm3j mmmi izfci>-c. mm^a 

[0 0 6 8] [HS£#j4 3 HS£#J1 |rfcl*T\ h x ) 

'j;U7K'J^K^^^U>^-^rvKl . 4 1 g> 7i-Jb 
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[0069] Du Pontftg, ® q D ^ 

TN a f i o n 1 1 7 J £^<Z)££ JfH x *: 0 
[0 0 7 0] tifc««2] HS6«1 l^fcL^-C. 

[O O 7 1 ] 

[an 
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Nafionl 17 
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[O O 7 2] 















100^ 


140^ 
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5. 8X10" 5 


2. 7 x 1 0~ 6 
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7. 7x10" 5 


2. 6 X 1 O -6 
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2. 7X10" 5 


2. 3 x 1 0" e 
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4. 0X10" 6 


2. 8 x 1 0~ 6 


K 
91 
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10 _9 ifc;3l 
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1 0- 9 5fc« 


i o-**35 



[0 O 7 3] 

a5H**«^bLf-K*^-r^Ci:fcJ:y % 3fe 



50 
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(51) Int. CI. ^ 

C 0 8 L 71/00 
83/02 
101/16 
101/10 
H O 1 B 1/06 
// C O 8 J 5/20 



F I 

C O 8 L 71/00 
83/02 
101/10 
H O 1 B 1/06 
C O 8 J 5/20 
C O 8 L 101/00 



f-73-r (#%) 



(74) _tIE 2 « (DVtmX 1 00086586 

iSio < tfrfite^ 1TS114 lift 

(72)«&i3B* »« jg^ 20 



4F071 AA47 AB19 AC10 AC13 AF37 
AF45 AH15 BB02 BC01 FC01 

4J002 BB03W BB12W BB17W BD14W 
BD15W BE02W BE06W BF01W 
BF02W BG01W BG04W BG05W 
B613W CH02W CP02X CP05X 
CP20X DE187 DG047 DH027 
EH006 EV176 EV187 EV237 
EW047 FD117 GQ00 

5G301 CD01 CE01 

5H026 AA06 BB10 CX04 CX05 EE11 
EE15 EE17 EE18 HH00 HH08 



